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Description 

[0001] This invention relates to flame retardant resin compositions based on synthetic resins containing aromatic 
rings in a molecule such as aromatic polycarbonate resins and aromatic epoxy resins. 

5 [0002] Flame retardant resin compositions are often used in various products such as electric and electronic parts, 
building members, automotive parts, and daily goods. These resin compositions are generally made flame retardant 
by adding organic halogen compounds optionally in admixture with antimony trioxide. However, these flame retardant 
resin compositions have the drawback that harmful halogen gases evolve upon combustion. 
[0003] It is also known that resin compositions can be made flame retardant by adding silicone resins which do not 

10 evolve harmful gases. 

[0004] JP-A 54-36365 discloses a flame retardant resin composition wherein a silicone resin containing at least 80% 
by weight of trifunctional siloxane units is added to an organic resin. With respect to the organic resin, no reference is 
made to aromatic polycarbonate resins and aromatic epoxy resins. With a focus on the melt processing of the organic 
resin, a relatively high molecular weight silicone resin substantially free of crosslinking functional radicals and having 
15 a softening point above room temperature is selected. On account of a relatively weak flame retardant effect, the 
silicone resin must be added in a large amount of about 1 0 to 300 parts by weight per 1 00 parts by weight of the organic 
resin, detracting from the properties of the organic resin. 

[0005] JP-A 59-500099, 4-226159, and 7-33971 disclose flame retardant resin compositions having added thereto 
silicone resins consisting of monofunctional siloxane units and tetrafunctional siloxane units. JP-A 6-128434 discloses 
20 a flame retardant resin composition having added thereto a silicone resin containing vinyl-bearing siloxane units. In 
order to exert a satisfactory flame retardant effect, all these compositions, however, require to increase the amount of 
silicone resin added or to additionally use inorganic fillers such as aluminum hydroxide, halogens or phosphorus com- 
pounds. 

[0006] In most systems with silicone resins added, the amount of silicone resin added must be increased in order to 
25 achieve a satisfactory flame retardant effect, but at the sacrifice of the moldability and mechanical strength of resin 
compositions. Efforts have been made to develop silicone resin additives having greater flame retardant effect or 
additives capable of cooperating with silicone resins to improve the flame retardant effect. 

[0007] JP-A 8-176425 discloses a flame retardant resin composition comprising a polycarbonate resin, an epoxy- 
bearing organopolysiloxane, and an alkali metal salt of an organic sulfonic acid. JP-A 8-176427 discloses a flame 

30 retardant resin composition comprising a polycarbonate resin, a polycarbonate resin modified with a phenolic hydroxyl- 
bearing organopolysiloxane, and an organic alkali metal salt. Further, JP-A 9-1 6991 4 discloses a composition wherein 
a petroleum heavy oil or pitch is combined with a silicone compound for improving flame retardance. These silicone 
resins having special organic functional radicals are expensive because of the complication of their preparation process, 
but do not achieve a sufficient flame retardant effect to compensate for the increased cost. In this regard, a further 

35 improvement is desired. 

[0008] Also for improving the thermal oxidation resistance of polycarbonate resins, it is known effective to add a 
silicone resin having alkoxy functional radicals which can be introduced at a relative low cost. JP-A 54-1 02352 discloses 
a thermoplastic resin composition having added thereto a silicone resin containing alkoxy radicals as shown below. 
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so [0009] In general, siloxanes having a greater alkoxy content tend to form a network and provide a greater thermal 
oxidation resistance. The former silicone resin provides insufficient flame retardance because of the lack of phenyl 
radicals. The latter phenyl-bearing, low molecular weight organosiloxane is also insufficient in imparting flame re- 
tardance because of a substantial loss of effective components through vaporization by heat during melt processing 
or combustion. 

55 [0010] JP-A 1-318069 discloses a powdery polymer mixture of an alkoxy or hydroxyl radical-bearing silicone resin 
and a thermoplastic polymer. JP-A 6-306265 discloses a flame retardant polycarbonate resin composition comprising 
a polycarbonate and an organic siloxane having alkoxy, phenyl and vinyl radicals introduced therein. The former re- 
quires the addition of halogen and phosphorus compounds because the silicone resin alone imparts insufficient flame 
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retardance. In the latter compos e siloxane contains as the alkoxy radicals lower radicals such as methoxy 
which are so sensitive to hydrolysis that they form alcohols, detracting from the transparency of the resin composition. 
[0011] In the recent years, there is an increasing demand to recycle various plastic materials for reuse. The above- 
mentioned silicone compounds having reactive radicals such as alkoxy, hydroxy! or epoxy radicals change their mo- 
5 lecular structure during molding of resin compositions or during service of molded resin parts, due to the interaction 
between silicone compounds or with another component in the resin composition and under the influence of the service 
environment. As a result, many recycled materials become difficult to mold and some materials are even impossible 
to recycle. 

[0012] JP-A 10-139964 discloses a flame retardant resin composition to which is added a silicone resin composed 
10 of di- and Afunctional siloxane units and having a weight average molecular weight of 1 0,000 to 270,000. It is described 
that a monofunctional siloxane unit represented by R' 3 Si0 1/2 is introduced as a terminal radical wherein hydroxyl and/ 
or alkoxy radicals preferably account for less than 10 mol% of the FT radicals. However, the contents of hydroxyl and 
alkoxy radicals in the molecule are not specified. Since a high molecular weight silicone resin is used, the composition 
is still insufficient in moldability and flame retardance. 
15 [0013] It would be advantageous to have a flame retardant resin composition comprising an aromatic ring-bearing 
synthetic resin such as an aromatic polycarbonate resin or aromatic epoxy resin and a minor amount of a flame retardant 
whereby molded resin parts having improved flame retardance can be produced while maintaining the physical prop- 
erties and optical transparency of the synthetic resin and the resin parts can be recycled for reuse. 
[001 4] A preferred embodiment of the invention may provide a flame retardant resin composition having added there- 
to to an organopolysiloxane substantially free of reactive radicals, which can be recycled for reuse, does not evolve 
harmful gases when burned by a fire or incinerated for disposal and is thus safe and imposes a little burden to the 
environment. 

[0015] A preferred embodiment of the invention may provide a low- cost flame retardant resin composition wherein 
an organopolysiloxane of specific structure is selected from inexpensive organopolysiloxanes free of special organic 

25 functional radicals, so as to achieve a sufficient flame retardant effect even when added in minor amounts. 

[0016] A preferred embodiment of the invention may provide a flame retardant resin composition wherein an orga- 
nopolysiloxane of specific structure is used so that the moldability of the resin composition and the outer appearance, 
optical transparency and physical properties (mechanical strength) of molded parts thereof are little affected. 
[0017] It has been found that by adding to a synthetic resin containing aromatic rings in a molecule such as an 

,30 aromatic polycarbonate resin or aromatic epoxy resin, a minor amount of an organopolysiloxane which contains phenyl 
radicals as essential substituents attached to silicon atoms and monofunctional siloxane units as essential units in a 
molecule, wherein the content of alkoxy radicals in the molecule and the content of hydroxyl radicals involved as Si-OH 
radicals are each set at less than 2% by weight, one may obtain a resin composition which is given flame retardance 
and drip inhibition, maintains optical transparency, and can be recycled for reuse. Since high flame retardance may 

35 be achieved without adding halogens, phosphorus and antimony, the composition does not evolve harmful gases when 
burned. Additionally, since the specific organopolysiloxane can impart a flame retardant effect even when added in a 
minor amount, the properties inherent to the aromatic ring-bearing synthetic resin are little affected. 
[0018] Accordingly, the invention provides a flame retardant resin composition comprising 

40 (A) 100 parts by weight of a synthetic resin containing aromatic rings in a molecule, and 

(B) 0. 1 to 1 0 parts by weight of an organopolysiloxane containing phenyl radicals as essential substituents attached 
to silicon atoms and siloxane units represented by R 1 R 2 R 3 Si0 1/2 wherein R 1 , R 2 , and R 3 are independently se- 
lected from substituted or unsubstituted monovalent hydrocarbon radicals of 1 to 6 carbon atoms, the contents of 
alkoxy radicals and hydroxyl radicals available as Si-OH radicals in a molecule each being less than 2% by weight, 

45 the organopolysiloxane having a weight average molecular weight of up to 2,000. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Component (A) of the resin composition according to the invention is a synthetic resin containing aromatic 
50 rings in a molecule. Resins prepared from aromatic compounds such as phenol, styrene, and phthalic acid are included. 
Typically, polystyrene resins, polycarbonate resins, polyphenylene oxide resins, acrylonitrile-butadiene-styrene resins, 
acrylonitrile-styrene resins, aromatic epoxy resins, and aromatic polyester resins are used, with the aromatic polycar- 
bonate resins and aromatic epoxy resins being preferred.' 

[0020] The aromatic polycarbonate resins may be prepared by reacting a dihydric phenol with phosgene or carbonate 
55 diester. The dihydric phenol is preferably selected from bisphenols, with 2,2-bis(4-hydroxyphenyl)propane being es- 
pecially preferred. It is acceptable to partially or entirely replace 2,2-bis(4-hydroxyphenyl)propane by another dihydric 
phenol. The dihydric phenols other than 2,2-bis(4-hydroxyphenyl)propane include, for example, hydroquinone, 4,4-di- 
hydroxyphenyl, bis(4-hydroxyphenyl)sulfide, bis(4-hydroxyphenyl)sulfone, and bis(4-hydroxyphenyl)ketone. There 
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may be used homopolymers of 




dihydric phenols alone or copolymers of two or 




of these dihydric phenols 



or blends thereof. 

[0021] The aromatic epoxy resins are synthetic resins having at least two epoxy radicals in a molecule which can 
be cured with various curing agents. Prior art well-known epoxy resins are useful. Examples include novolac type epoxy 

5 resins, triphenolalkane type epoxy resins, dicyclopentadiene-phenol novolac resins, phenolaralkyl type epoxy resins, 
glycidyl ester type epoxy resins, alicyclic epoxy resins, and heterocyclic epoxy resins. Epoxy resins with a biphenyl 
skeleton having a low melt viscosity are preferred, and they are combined with other epoxy resins if desired. 
[0022] Component (B) is an organopolysiloxane which contains phenyl radicals as essential substituents attached 
to silicon atoms and monofunctional siloxane units represented by R 1 R 2 R 3 Si0 1/2 as essential units in a molecule. The 

10 phenyl radicals dominate the dispersibility and compatibility of the organopolysiloxane in the aromatic ring-bearing 
synthetic resin and are necessary to improve the flame retardance, moldability and transparency of the resin compo- 
sition. The monofunctional siloxane units represented by R 1 R 2 R 3 Si0 1/2 are used for the purposes of blocking the 
terminus of an organopolysiloxane molecule and reducing the contents of reactive hydroxyl and alkoxy radicals. 
[0023] Here, R 1 , R 2 , and R 3 may be the same or different and are selected from substituted or unsubstituted mono- 

15 valent hydrocarbon radicals of 1 to 6 carbon atoms. Exemplary are alkyl radicals such as methyl, ethyl, propyl, butyl, 
hexyl, and cyclohexyl, alkenyl radicals such as vinyl and allyl, and aryl radicals such as phenyl. Methyl and phenyl are 
especially preferred. 

[0024] In order that the resin composition be recycled for reuse and maintain satisfactory moldability as well as outer 
appearance and transparency of molded parts, the organopolysiloxane should have minimized contents of reactive 

20 radicals in the molecule as previously described. For this reason, the content of alkoxy radicals and the content of 
hydroxyl radicals available as Si-OH radicals in the molecule should be set below certain levels, respectively. 
[0025] Specifically, the organopolysiloxane used herein requires that the content of alkoxy radicals in a molecule be 
less than 2% by weight. The alkoxy radicals in the organopolysiloxane are effective for controlling drip during combus- 
tion, but undesirable from the standpoint of moisture resistance in that when the flame retardant resin composition is 

25 kept in high humidity conditions, alkoxy radicals undergo hydrolysis with the water pick-up to form alcohol, which can 
detract from the transparency of molded parts. Additionally, Si-OH radicals formed as a result of hydrolysis adversely 
affect the moldability on recycled use. By restricting the content of alkoxy radicals in a molecule to less than 2% by 
weight so that the amount of alkoxy radicals participating in hydrolytic reaction is minimized, molded parts are drastically 
improved in moisture resistance and transparency. From the standpoints of hydrolytic reaction of alkoxy radicals and 

30 flame retardance, it is further preferable that the residual alkoxy radicals be secondary and/or tertiary alkoxy radicals 
of 3 to 6 carbon atoms selected from isopropoxy, 2-butoxy, tert-butoxy, and cyclohexyloxy radicals. 
[0026] Similarly, the content of hydroxyl radicals available as Si-OH radicals in a molecule should be set at less than 
2% by weight, and preferably 1% by weight or less. If the hydroxyl content is 2% by weight or more, condensation 
reaction between Si-OH radicals is likely to occur during melt mixing of the aromatic ring-bearing synthetic resin with 

35 the organopolysiloxane, so that the organopolysiloxane is increased in molecular weight. The increased molecular 
weight of organopolysiloxane impedes dispersion to detract from the transparency and impact strength of the resin 
composition, obstructs surface migration during combustion to detract from flame retardance, and exacerbates the 
moldability on recycle working, disabling recycle use. In this regard, it is especially preferable to restrict the hydroxyl 
content to 1% by weight or less. 

40 [0027] The lower the contents of alkoxy radicals and hydroxyl radicals available as Si-OH radicals, the better become 
the results. From the manufacturing standpoint, however, it is difficult to reduce the contents to zero. 
[0028] The organopolysiloxane containing phenyl radicals and having the contents of alkoxy radicals and hydroxyl 
radicals (available as Si-OH radicals) in the molecule each reduced to less than 2% by weight is essentially nonreactive 
and highly heat resistant so that it may not substantially change its structure in the temperature range of up to 350°C, 

45 ensuring that the flame retardant resin composition is recycled for reuse. The organopolysiloxane does not evolve 
harmful gases when burned. 

[0029] The organopolysiloxane (B) has a weight average molecular weight of up to 2,000. If the weight average 
molecular weight is too low, the content of low molecular weight polymer components becomes higher so that when 
the organopolysiloxane is meit mixed with the aromatic ring-bearing synthetic resin, more components might volatilize 

50 off the system, failing to achieve the flame retardant effect. From this standpoint, it is recommended that the organo- 
polysiloxane have a weight average molecular weight of from 41 0 to 2,000 and especially from 500 to 2,000. 
[0030] Despite the absence of reactive radicais other than the residual hydroxyl radicals and alkoxy radicals, the 
organopolysiloxane can impart flame retardance to the resin composition when added in minor amounts of up to 1 0% 
by weight based on the composition. It is believed that when the composition is burned, the organopolysiloxane having 

55 phenyl radicals and the aromatic ring-bearing synthetic resin readily form a nonflammable Si-C ceramic layer due to 
coupling of aromatic rings in both the components, exerting an outstanding flame retardant effect. 
[0031 ] The content of phenyl radicals in the organopolysiloxane largely affects the moldability of the resin composition 
and the transparency and mechanical strength of molded parts. As the phenyl content increases, the organo-' polysi- 
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20 



l^^^nd compatible with the aromatic ring-bearing syr^J^ r 



loxane becomes more dispersil^^and compatible with the aromatic ring-bearing syrfi^fc resin so that molding may 
become easier and molded parts may have higher transparency and mechanical strength. 
[0032] Accordingly, in order that the above-mentioned flame retarding mechanism work effectively and the moldability 
of resin compositions and the transparency and mechanical strength of molded parts be kept satisfactory, it is recom- 
mended that the phenyl radicals account for 30 to 90% by weight of the entire organic substituents attached to silicon 
atoms in the organopolysiloxane molecule. The phenyl content referred to herein is defined as follows. Provided that 
the organopolysiloxane (B) is represented by the average compositional formula (1): 

(CsHsLRnSKORyOH)^.,^ (1) 

wherein R stands for organic substituents other than phenyl and alkoxy, typically substituted or unsubstituted mono- 
valent hydrocarbon radicals of 1 to 6 carbon atoms, and R' stands for monovalent hydrocarbon radicals of 1 to 6 carbon 
atoms, the phenyl content is given by the following equation. 

Phenyl content (wt%) = 
{MW(C 6 H 5 )xm}/{MW(C 6 H 5 )xm + MW(R)xn + MW(R')xp} x100 



M W is the molecular weight of the associated substituent. 

[0033] In the preferred embodiment of the invention, the phenyl content as defined above is in the range of 30 to 
90% by weight. If the phenyl content is too low, the organopolysiloxane would become less compatible with and less 
dispersible in the aromatic ring-bearing synthetic resin, adversely affecting the moldability of resin compositions and 

25 the transparency and impact strength of molded parts. The low phenyl content also leads to a reduced flame retardant 
effect. On the other hand, if the phenyl content is too high, the organopolysiloxane would become highly compatible 
with the aromatic ring-bearing synthetic resin and lose surface migration during combustion, also resulting in a reduced 
flame retardant effect. More preferably, the phenyl content is in the range of 50 to 90% by weight. 
[0034] It is noted that in formula (1), R is preferably ah alkyl radical, especially methyl, and R' is also preferably an 

30 alkyl radical, especially secondary or tertiary alkyl radical of 3 to 6 carbon atoms. The letters m, n, p, and q are preferably 
positive numbers satisfying: 0.5 <m <2.0, 0.1 < n <2.3, 0 < p < 0.13, 0 <q < 0.17, and 0.92 < m+n+p+q < 2.85. 
[0035] The organopolysiloxane (B) used herein may be one containing in its molecule, 

1 0 to 75 mol% of monof unctional siloxane units represented by R 1 R 2 R 3 Si0 1/2 , 0 to 80 mol% of difunctional siloxane 
55 units represented by R 4 R 5 Si02/2, 0 to 80 mol% of trifunctional siloxane units represented by R 6 Si0 3/2 , and 0 to 

15 mol% of tetraf unctional siloxane units represented by SiO^, and more preferably, 

20 to 70 mol% of monof unctional siloxane units represented by R 1 R 2 R 3 Si0 1/2 , 0 to 80 mol% of difunctional siloxane 
units represented by R 4 R 5 Si0 2/2 , 0 to 80 mol% of trifunctional siloxane units represented by R 6 Si0 3/2l and 0 to 
10 mol% of tetrafunctional siloxane units represented by SiO^g. 

40 

[0036] Herein R 1 , R 2 , R 3 , R 4 , R 5 , and R 6 may be the same or different and are selected from substituted or unsub- 
stituted monovalent hydrocarbon radicals of 1 to 6 carbon atoms. Exemplary are alkyl radicals such as methyl, ethyl, 
propyl, butyl, hexyl, and cyclohexyl, alkenyl radicals such as vinyl and ally!, and aryl radicals such as phenyl. Methyl 
and phenyl are especially preferred. 

45 [0037] In general, the structure of organopolysiloxane has an arbitrary combination of monofunctional siloxane units 
(M units), difunctional siloxane units (D units), trifunctional siloxane units (T units), and tetrafunctional siloxane units 
(Q units). The preferred combinations of these units used herein are M/D, M/T, M/D/T, M/D/Q, M/T/Q, and M/D/T/Q 
systems, with the M/D/T system being especially preferred because of better flame retardance and dispersibility. On 
the other hand, a single M system does not exert a flame retardant effect because of the too low molecular weight. An 

50 M/Q system is sometimes less dispersible in the aromatic ring-bearing synthetic resin because of the excessively 
inorganic nature. For the same reason, in the M/D/Q and M/D/T/Q systems, the content of Q units should preferably 
be iimited to i5 mo!% or less, and more preferably 10 mol% or less. 

[0038] It is preferable from the standpoints of ease of preparation and cost that the organopolysiloxane (B) contain 
only methyl radicals as the organic substituents other than the phenyl radicals and residual alkoxy radicals. Namely, 
55 in average composition formula (1), R is methyl. 

[0039] According to the invention, the organopolysiloxane (B) should be used in an amount of 0.1 to 10 parts, and 
preferably 0.2 to 5 parts by weight per 100 parts by weight of the aromatic ring-bearing synthetic resin (A). Less than 
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0.1 part of the organopotysiloxi^^too small to provide a flame retardant effect whi^^^more than 10 parts of the 
organopolysiloxane does not further improve the flame retardant effect and rather adversely affects the mechanical 
properties such as impact strength. 

[0040] The organopolysiloxanes used herein may be prepared by well-known methods. One exemplary method is 
5 by reacting a phenyl radical-containing organ ochlorosilane(s) with water, the amount of water being determined as 
appropriate in accordance with the molecular structure and molecular weight of an end organopolysiloxane. The organic 
solvent if any, by-produced hydrochloric acid and low-boiling fractions are removed, leaving an organopolysiloxane 
containing phenyl radicals and monofunctional siloxane units. The monofunctional siloxane units can be introduced 
by reacting a triorganochlorosilane with a partial condensate from the initial stage of hydrolysis or at the end of hydrol- 
io ysis. It is also possible to react a hexaorganodisiloxane with a partial condensate at the end of hydrolysis wherein an 
acid catalyst (e.g., hydrochloric acid or sulfuric acid) or base catalyst (e.g., potassium hydroxide or sodium hydroxide) 
is preferably used. It is also preferable to block the residual alkoxy radicals and hydroxyl radicals appearing as Si-OH 
radicals using various sitylating agents such as hexaorganodisilazane, with no particular limit being imposed on the 
silylating agent used. 

15 [0041] An alternative method starts with a phenyl radical-containing alkoxysilane. Water is added to the alkoxysilane 
for hydrolytic reaction to take place, the amount of water being also determined as appropriate in accordance with the 
molecular structure and molecular weight of an end organopolysiloxane. Here, acid catalysts (e.g., hydrochloric acid 
and acetic acid) or base catalysts (e.g., ammonia and sodium hydroxide) are preferably used. Upon removal of impu- 
rities such as alcohol by-product, the organopolysiloxane is obtained. Monofunctional siloxane units can be introduced 

20 by the same means as above. In either method, the content of phenyl radicals, the contents of respective siloxane 
units, and the molecular weight can be properly tailored by adjusting the type and amount of reactants. 
[0042] Better flame retardance is sometimes obtained when organic alkali metal salts, organic alkaline earth metal 
salts or mixtures thereof such as sodium diphenylsulfone-3-sulfonate and sodium perfluoroalkanesulfonates are added 
to the flame retardant resin composition of the invention. These salts function as a carbonization accelerator for pro- 

25 moting formation of an incombustible Si-C ceramic layer by mutual coupling of aromatic rings, and any of salts known 
of such function may be used. An appropriate amount of the salt added is 0.001 to 5 parts by weight per 100 parts by 
weight of the aromatic ring-bearing synthetic resin (A). Less than 0.001 part of the salt is ineffective for its purpose 
whereas more than 5 parts of the salt would adversely affect the outer appearance and strength of molding. Illustrative 
' examples are sodium benzenesulfonate, disodium naphthalene-2,6-disulfonate, sodium diphenyl-sulfone-3-sulfonate, 

30 and sodium perfluorobutanesulfonate. 

[0043] In the flame retardant resin composition of the invention, an inorganic filler may be blended as a reinforcement. 
Examples of the filler include silicas such as fused silica and crystalline silica, alumina, silicon nitride, aluminum nitride, 
boron nitride, titanium oxide, and glass fibers. No particular limits are imposed on the mean particle size and shape of 
the inorganic filler although spherical fused silica having a mean particle size of 5 to 40 ^m is especially preferred from 

35 the molding and flowing standpoints. An appropriate amount of the inorganic filler is about 400 to about 1,200 parts 
by weight per 1 00 parts by weight of the aromatic ring-bearing synthetic resin (A). Less than 400 parts of the filler would 
be less effective for reinforcement whereas more than 1,200 parts of the filler can adversely affect moldability. In order 
to enhance the bond strength between the synthetic resin and the inorganic filler, it is preferred to use the inorganic 
filler which has been surface treated with coupling agents such as silane coupling agents and titanate coupling agents. 

40 Exemplary coupling agents include epoxysilanes such as Y-glycidoxypropyltrimethoxysilane, y-glycidoxypropylmethyl- 
diethoxysilane, and p-(3,4-epoxycyclohexyl)ethyitrimethoxysilane, aminosilanes such as N-p-(aminoethyl)-7-amino- 
propyltrimethoxysilane, Y-aminopropyltriethoxysilane, and N-phenyl-Y-aminopropyl-trimethoxysilane, and mercaptosi- 
lanes such as Y-mercaptopropyltrimethoxysilane. The amount of coupling agent used and the surface treating method 
are not critical. 

45 [0044] In the flame retardant resin composition according to the invention, any of well-known additives may be blend- 
ed, if necessary, for example, antioxidants, neutralizing agents, U V absorbers, antistatic agents, pigments, dispersants, 
lubricants, thickeners, drip inhibitors (such as fluoro-resins), stress-reducing agents, waxes, and coloring agents. 
[0045] In preparing the composition of the invention, the above essential and optional components are metered and 
mixed using equipment and methods commonly used in the manufacture of prior art rubber and plastic compositions. 

so More particularly, the components are fully mixed and dispersed by an agitating mixer such as a ribbon blender or 
Henschel mixer, and the mixture is further kneaded in a melt kneader such as a Banbury mixer or extruder, thereby 
obtaining the desired composition. 

[0046] In molding the composition of the invention, any of well-known molding methods such as injection molding, 
extrusion molding, compression molding and vacuum forming may be used. 

55 

EXAMPLE 

[0047] Preparation Examples and Examples of the invention are given below together with Comparative Examples 
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by way of illustration and not of limitation. 

[0048] For each of the organopolysiloxanes obtained in Preparation Examples, the content (% by weight) of phenyl 
radicals based on the entire organic substituents was calculated according to the following equation using the data of 
NMR analysis. 

5 

Phenyl content (wt%) = 
{MW(C 6 H 5 )xm}/{MW(C 6 H 5 )xm + MW(R)xn + MW(R')xp} x100 

w 

The content (% by weight) of alkoxy radicals in the entire molecule was determined from the data of NMR analysis. 
The content (% by weight) of hydroxyl radicals available as Si-OH radicals in the entire molecule was determined by 
reacting a predetermined amount of the organopolysiloxane with a methyl Grignard reagent in accordance with the 
Grignard method, and quantitatively determining the amount of methane gas evolved. The weight average molecular 
15 weight was determined by plotting for conversion GPC measurement data on the calibration line obtained from a 
polystyrene standard sample. Mw is a weight average molecular weight. 

Preparation Example 1 

20 [0049] A 2-liter flask equipped with a stirrer, condenser and thermometer was charged with 423 g (2 mol) of phenyl- 
trichlorosilane, 434 g (4 mol) of trimethylchlorosilane, and 194 g of toluene. A dropping funnel was charged with a 
mixture of 108 g (6 mol) of water and 30 g (0.5 mol) of isopropanol, which was added dropwise to the flask over one 
hour with stirring. Hydrolytic condensation reaction was proceeded while removing out of the system hydrogen chloride 
gas evolving during the reaction. After the completion of dropwise addition, stirring was continued for a further one 

25 hour for ripening while heating the flask at an internal temperature of 60°C in an oil bath. Subsequently, the excess of 
water, unreacted isopropanol, hydrogen chloride and toluene were removed by vacuum distillation, yielding 490 g of 
a liquid phenyl-containing organopolysiloxane No. 1 . 

Preparation Example 2 

30 

[0050] The procedure of Preparation Example 1 was repeated except that the 2-liter flask was charged with 212 g 
(1 mol) of phenyltrichlorosilane, 253 g (1 mol) of diphenyldichlorosilane, 326 g (3 mol) of trimethylchlorosilane, and 
190 g of toluene, and the dropping funnel was charged with a mixture of 90 g (5 mol) of water and 30 g (0.5 mol) of 
isopropanol before hydrolytic condensation reaction took place. There was obtained 480 g of a liquid phenyl-containing 
35 organopolysiloxane No. 2. 

Preparation Example 3 

[0051] The procedure of Preparation Example 1 was repeated except that the 2-liter flask was charged with 212 g 
40 (1 mol) of phenyltrichlorosilane and 759 g (3 mol) of diphenyldichlorosilane, and the dropping funnel was charged with 
a mixture of 63 g (3.5 mol) of water and 180 g (3 mol) of isopropanol before hydrolytic condensation and alkoxylation 
reaction took place. Thereafter, 324 g (4 mol) of hexamethyldisiloxane and 120 g of 20% hydrochloric acid in water 
were added to the flask which was stirred for a further one hour at an internal temperature of 40°C to effect de-alkox- 
ylation and silylation reaction. There was obtained 810 g of a liquid phenyl-containing organopolysiloxane No. 3. 

45 

Preparation Examples 4-1 0 

[0052] A series of organopolysiloxanes, Nos. 4 to 10, were prepared by following the procedure of Preparation Ex- 
ample 1 while changing the type of organochlorosilanes and alcohol used, and the amounts (molar ratio) of organo- 
50 chlorosilanes, water and alcohol charged. 

[0053] The physical properties of the organopolysiloxanes, Nos. 1 to 10, obtained in Preparation Examples 1 to 10 
are shown in Table 1 . 



55 
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Table 1 



Organopolysiloxane 


Phenyl 
content 
(wt%) 


Alkoxy 
radical 


Alkoxy 
content 
(wt%) 


Hydroxyl 
content 
(wt%) 


Mw 


Siloxane unit content (mol%) 


M 


D 


T 


Q 


1 


48 


isopropoxy 


1.2 


0.4 


660 


67 


0 


33 


0 


2 


65 


iSODTODOXV 


1.0 


0.3 


620 


60 


20 


20 


o i 


3 


81 


ISODrODOXV 


1.6 


0.3 


1270 


43 


43 


14 


0 


4 


75 


iSODPODOXV 


0.8 


0.4 


1900 


26 


63 


11 


0 


5 


61 


isoDroooxv 


1.3 


0.7 


850 


35 


35 


25 


5 


6 


0 


isopropoxy 


1.1 


0.5 


550 


60 


20 


20 


0 


7 


92 


methoxy 


3.0 


0.6 


1300 


25 


65 


10 


0 


8 


63 


methoxy 


5.8 


0.7 


920 


0 


75 


25 


0 


9 


68 


methoxy 


1.8 


3.1 


1160 


40 


45 


15 


0 


10 


76 


methoxy 


0.1 


3.9 


23500 


0 


20 


80 


0 



Examples 1-6 & Comparative Examples 1-6 

[0054] Compositions were prepared by adding 3 parts by weight of an organopolysiloxane to 1 00 parts by weight of 
an aromatic polycarbonate resin or 1 0 parts by weight of an organopolysiloxane to 1 00 parts by weight of an aromatic 
epoxy resin in accordance with the combination shown in Table 2, premixing the ingredients in an automatic mortar, 
and melt kneading the premix in a single screw extruder at a temperature of 280°C. 

[0055] The polycarbonate (PC) resin used was Calibre® 200-20 having a viscosity average molecular weight of 
about 20,000 commercially available from Dow-Sumitomo K.K. The epoxy resin used was YX4000HK having an epoxy 
equivalent of 190 commercially available from Yuka Shell K.K. plus an equal weight of a phenolic resin curing agent 
XL-225-3L having a phenol equivalent of 168 commercially available from Mitsui Toatsu Chemical K.K. 
[0056] The compositions were examined for flame retardance, optical transparency, and recyclability. 
[0057] Test bars of 1 /1 6 inch thick were molded from the compositions and examined for flame retardance in accord- 
ance with the test procedure set forth in Underwriters' Laboratories, Inc. Bulletin 94, Burning test for Classifying Ma- 
terials (hereinafter referred to as UL-94). 

[0058] The optical transparency was measured by means of a visible absorption spectrophotometer Using a molded 
plate of 10 mm thick, a visible light transmittance across a light path length of 10 mm in the thickness direction was 
measured. The transmittance of a sample was divided by the transmittance of a control sample free of organosiloxane, 
giving a percent transmittance. Samples were rated "Pass" when the percent transmittance was 70% or higher and 
"Reject" when the percent transmittance was less than 70%. 

[0059] The recyclability was evaluated by again adding 1 part by weight of the organopolysiloxane to 100 parts by 
weight of the aromatic polycarbonate resin composition which had been once molded as above. The mixture was melt 
kneaded and molded into a plate. The outer appearance of the plate was visually observed and rated "OK" when 
molding was satisfactory as the virgin and "Reject" when the outer appearance was non-uniform or the shape was 
defective. 

[0060] The results are shown in Table 2. 



Table 2 



50 





Synthetic resin 


Organopolysiloxane 


UL-94 rating 


Transmittance 


Recyclability 


E1 


PC 


No. 1 


V-0 


Pass 


OK 


E2 


PC 


No. 2 


V-0 


Pass 


OK 


E3 


PC 


No. 3 


V-0 


Pass 


OK 


E4 


PC 


No. 4 


V-0 


Pass 


OK 
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Table 2 (continued) 



w 



15 





Synthetic resin 


Organopolysiloxane 


UL-94 rating 


Transmittance 


Recyclability 


E5 


PC 


No. 5 


V-0 


Pass 


OK 


E6 


Epoxy 


No. 2 


V-0 


Pass 


- 


CE1 


PC 


No. 6 


V-2 


Reject 


Reject 


CE2 


PC 


No. 7 


V-2 


Pass 


Reject 


CE3 


PC 


No. 8 


V-1 


Reject 


Reject 


CE4 


PC 


No. 9 


V-1 


Reject 


Reject 


CE5 


PC 


No. 10 


V-2 


Reject 


Reject 


CE6 


PC 


none 


burned 


Pass 





20 



[0061] The resin composition comprising an aromatic ring-bearing synthetic resin and an organosiloxane containing 
phenyl radicals and monofunctional siloxane units is rendered flame retardant without the risk of evolving harmful gases 
when burned, while parts molded therefrom maintain optical transparency and are recyclable. 
[0062] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light of the above teachings. It is therefore to be understood that within the scope of the appended claims, 
the invention may be practiced otherwise than as specifically described. 



Claims 

1 . A flame retardant resin composition comprising 



(A) 100 parts by weight of a synthetic resin containing aromatic rings in a molecule, and 

(B) 0.1 to 10 parts by weight of an organopolysiloxane containing phenyl radicals as essential substituents 
attached to silicon atoms and siloxane units represented by R 1 R 2 R 3 Si0 1/2 wherein R 1 , R 2 , and R 3 are inde- 
pendently selected from substituted or unsubstituted monovalent hydrocarbon radicals of 1 to 6 carbon atoms, 
the contents of alkoxy radicals and hydroxyl radicals available as Si-OH radicals in a molecule each being 
less than 2% by weight, said organopolysiloxane having a weight average molecular weight of up to 2,000. 

2. The resin composition of claim 1 wherein the organopolysiloxane (B) has a weight average molecular weight of 
410 to 2,000. 



3. The resin composition of claim 1 or 2 wherein in the organopolysiloxane (B), the phenyl radicals account for 30 to 
90% by weight of the entire organic substituents attached to silicon atoms in the molecule. 

4. The resin composition of claim 1 ,2 or 3 wherein the organopolysiloxane (b) contains in its molecule 1 0 to 75 mol% 
of siloxane units represented by R 1 R 2 R 3 Si0 1/2 , 0 to 80 mol% of siloxane units represented by R 4 R 5 Si02/ 2 , 0 to 
80 mol% of siloxane units represented by R^iO^, and 0 to 15 mol% of siloxane units represented by Si0 4/2 , 
wherein R 1 , R 2 , R 3 , R 4 , R 5 , and R 6 are independently selected from substituted or unsubstituted monovalent 
hydrocarbon radicals of 1 to 6 carbon atoms. 



5. The resin composition of any preceding claim wherein in the organopolysiloxane (B), the residual alkoxy radicals 
are secondary or tertiary alkoxy radicals of 3 to 6 carbon atoms or both. 

50 

6. The resin composition of any preceding claim wherein in the organopolysiloxane (B), organic substituents attached 
to silicon atoms other than the phenyl radicals and residua! alkoxy radicals are all methyl. 

7. The resin composition of any preceding claim wherein the synthetic resin (A) is an aromatic polycarbonate resin 
55 or aromatic epoxy resin. 
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Patentanspriiche 

1 . Flammhemmende Harzzusammensetzung, umfassend 

5 (A) 100 Gewichtsteile eines Kunstharzes, das aromatische Ringe im Molekul enthalt, und 

(B) 0,1 bis 10 Gewichtsteile eines Organopoiysitoxans, das Phenylreste als wesentliche, an Siiiciumatome 
gebundene Substituenten und Siloxaneinheiten enthalt, die durch R 1 R 2 R 3 Si0 1/2 dargestellt sind, worin R 1 , 
R 2 und R 3 unabhangig voneinander aus substituierten oder unsubstituierten einwertigen Kohlenwasserstoff- 
resten mlt 1 bis 6 Kohlenstoffatomen ausgewahlt sind, der Gehalt an Alkoxyresten und Hydroxyresten, die ais 

10 Si-OH-Reste im Molekul vorhanden sind, jeweils weniger als 2 Gew.-% betragt und das Organopolysiloxan 

ein gewichtsmittleres Molekulargewicht von bis zu 2.000 aufweist. 

2. Harzzusammensetzung nach Anspruch 1, worin das Organopolysiloxan (B) ein gewichtsmittleres Molekularge- 
wicht von 41 0 bis 2.000 aufweist. 

15 

3. Harzzusammensetzung nach Anspruch 1 oder 2, worin die Phenylreste im Organopolysiloxan (B) 30 bis 90 Gew.- 
% der gesamten organischen Substituenten ausmachen, die an Siiiciumatome im Molekul gebunden sind. 

4. Harzzusammensetzung nach Anspruch 1 , 2 oder 3, worin das Organopolysiloxan (B) in seinem Molekul 1 0 bis 75 
20 Mol-% Siloxaneinheiten, die durch R 1 R 2 R 3 Si0 1/2 dargestellt sind, 0 bis 80 Mol-% Siloxaneinheiten, die durch 

R 4 R 5 Si02/2 dargestellt sind, 0 bis 80 Mol-% Siloxaneinheiten, die durch R 6 Si0 3/2 dargestellt sind und 0 bis 15 
Mol-% Siloxaneinheiten, die durch SiO^ dargestellt sind, enthalt, worin R 1 , R 2 , R 3 , R 4 , R 5 und R 6 unabhangig 
voneinander aus substituierten oder unsubstituierten einwertigen Kohlenwasserstoff resten mit 1 bis 6 Kohlen- 
stoffatomen ausgewahlt sind. 

25 

5. Harzzusammensetzung nach einem der vorangegangenen Anspriiche, worin die ubrigen Alkoxyreste im Organo- 
polysiloxan (B) sekundare oder tertiare Alkoxyreste mit 3 bis 6 Kohlenstoffatomen oder beides sind. 

6. Harzzusammensetzung nach einem der vorangegangenen Anspriiche, worin im Organopolysiloxan (B) die an 
30 Siiiciumatome gebundenen organischen Substituenten auBer Phenylresten und ubrigen Alkoxyresten alle Methyl 

sind. 

7. Harzzusammensetzung nach einem der vorangegangenen Anspriiche, worin das Kunstharz (A) ein aromatisches 
Polycarbonatharz oder aromatisches Epoxidharz ist. 

35 

Revendications 

1 . Composition de resine ignifuge comprenant 



40 



(A) 100 parties en poids d'une resine synthetique contenant des cycles aromatiques dans une molecule, et 

(B) 0, 1 a 1 0 parties en poids d'un organopolysiloxane contenant des radicaux phenyles en tant que substituants 
essentiels attaches aux atomes de silicium et des unites de siloxane representees par R 1 R 2 R 3 Si0 1/2 , ou R 1 , 
R 2 et R 3 sont independamment selectionnes parmi des radicaux hydrocarbures monovalents substitues ou 

45 non substitues de 1 a 6 atomes de carbone, les contenus des radicaux alcoxy et des radicaux hydroxyles 

disponibles en tant que radicaux Si-OH dans une molecule etant chacun de moins de 2% en poids, ledit 
organopolysiloxane ayant un poids moleculaire moyen en poids pouvant atteindre 2000. 

2. Composition de resine de la revendication 1 ou I'organopolysiloxane (B) a un poids moleculaire moyen en poids 
so de 410 a 2000. 

3. Composition de resine ds la revendication 1 ou 2 ou dans Torganopolysiloxane (B) les radicaux phenyles repre- 
sented 30 a 90 % en poids de tous les substituants organiques attaches aux atomes de silicium dans la molecule. 

55 4. Composition de resine de la revendication 1 , 2 ou 3 ou I'organopolysiloxane (b) contient dans sa molecule 10 a 
75 % en moles d'unites de siloxane representees par R 1 R 2 R 3 Si0 1/2 , 0 a 80 % en moles d'unites de siloxane 
representees par R 4 R 5 Si02/2, 0 a 80 % en moles d'unites de siloxane representees par R 6 Si0 3/2 , et 0 a 15 % en 
moles d'unites de siloxane representees par Si0 4/2 , ou R 1 , R 2 , R 3 R 4 , R 5 et R 6 sont independamment selectionnes 
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parmi des radicaux hydn 




ires monovalents substitues ou non substitues de* 



6 atomes de carbone. 



Composition de resine de toute revendication prec6dente ou dans Porganopolysiloxane (B), les radicaux alco xy 
residuels sont des radicaux alcoxy secondaires ou tertiaires de 3 a 6 atomes de carbone ou tes deux. 

Composition de resine de toute revendication prec6dente ou dans Porganopolysiloxane (B), les substituants or- 
ganiques attaches aux atomes de silicium autres que les radicaux phenyles et les radicaux alcoxy residuels sont 
tous methyle. 

Composition de resine de toute revendication precedente ou la resine synthetique (A) est une resine de polycar- 
bonate aromatique ou une resine epoxy aromatique. 
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